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THE  EFFICIENCY 
OF 

COAL  SAMPLING  METHODS. 


I.  Reason  for  the  Investigation. 

At  the  present  time  practically  every  institution 
which  must  buy  large  amounts  of  coal  annually,  such  as  large 
factories,    the  United  States  Government,  etc.,  purchases 
its  coal  under  specifications  depending  on  the  heating  value 
of  the  coal,  its  content  of  moisture  and  of  ash  and  the  ex- 
tent to  which  it  clinkers,  rather  than  on  the  reputation  of 
the  coal.    The  necessity  for  this  is  shown  by  an  instance  4 

4    J.  Ind.  &  Eng.  Chem.    1,  p. 161-178. 

in  which  the  Government  chemists  found  46.33$  ash  in  a  sample 
of  coal  delivered  to  one  of  the  public  buildings.    The  con- 
tract for  this  coal  was  based  on  4.78$  ash  while  the  average 
analysis  of  ten  samples  showed  11.58$  ash  to  be  present.  The 
coal  in  this  case  had  passed  the  usual  inspection  of  men  whose 
duty  it  was  to  check  the  weights  and  to  note  the  presence  of 
slate,  dirt,  etc.    Because  of  the  great  variations  which  may 
exist  in  the  quality  of  coal  from  even  a  single  mine  or  region 
the  coal  must  be  analyzed. 
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To  determine  with  utmost  accuracy  the  ash  content  and 
heating  value  of  a  quantity  of  delivered  coal  would  require 
the  burning  of  the  entire  quantity,  or  would  require  crushing 
the  entire  quantity,  and  reduoing  it  by  an  elaborate  scheme 
of  successive  crushings,  mixings,  and  fractional  selections, 
to  1  gram  samples  which  the  chemist  finally  uses  in  his 
analysis.    It  is  quite  obvious  that  either  of  these  procedures 
is  impracticable  if  the  coal  is  to  be  used  in  the  production 
of  heat  and  power.    The  only  alternative,  and  the  method 
actually  employed,  is  to  select  portions  from  all  parts  of  a 
consignment  of  coal  and  to  systematically  reduce  the  gross 
sample  down  to  laboratory  size.     In  order  that  the  analysis 
may  represent  the  entire  lot,  it  is  necessary  that  a  repre- 
sentative sample  be  obtained  and  it  is  the  difficulty  in 
obtaining  this,  that  has  been  the  cause  of  much  friction  over 
contract  specifications.     In  order  to  be  fair  to  both  the  pur- 
chaser and  the  seller,  the  method  of  sampling  should  be  speci- 
fied in  every  detail  in  contracts  between  the  two  parties. 
The  chances  of  error  in  the  chemical  analysis  of  the  coal  are 
insignificant  compared  with  the  possible  error  in  sampling, 
for,  by  running  duplicate  tests  any  error  in  the  analysis  will 
be  detected,  while  if  the  original  sample  is  not  representative, 
all  the  results  obtained  will  be  erroneous. 
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II*  Present  Statue  of  the  Subject. 

Considerable  investigation  has  already  been  carried 
out,  on  the  subject  of  coal  sampling.    The  great  importance 
of  the  work  is  shown  by  the  amount  of  time  devoted  to  it  by 
the  United  States  Bureau  of  Mines,  the  United  States  Geological 
Survey  and  the  War  Department.    J.  M.  Goldman  has  published  4 

4    Chem.  Eng.  18,  177-183. 


an  article  giving  the  procedure  which  has  been  found  most 
accurate  by  the  United  States  War  Department  office  at  St.  Louis 
in  sampling  coal  at  the  mines,  and  also  from  the  coal  cars.  The 
coal  is  sampled  at  the  mine  by  picking  down  the  face  of  the 
seam,  a  strip  4  to  S  inches  wide  and  6  inches  deep,  all  shale 
bands  being  taken  except  when  they  exceed  1/2  inch  in  thickness. 
Deliveries  are  sampled  by  driving  a  three  inch  pipe,  which  is 
6  feet  long,  into  the  coal  at  stated  intervals  and  emptying  the 
core  into  a  dry  receptacle.    The  total  sample  is  then  quartered 
down  to  proper  laboratory  size. 

E.  G#  Bailey  devoted  considerable  time  to  the  study  of 
coal  sampling  and  drew  the  following  conclusions:  4 

4    J.  Ind.  &  Eng.  Chem.  1,  p.  161-178. 


1.  The  most  important  factor  causing  errors  in  sampling 
is  the  size  and  number  of  pieces  of  slate,  pyrites,  bone  and 
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other  impurities  in  proportion  to  the  weight  of  the  sample 
when  originally  taken  or  when  divided  or  quartered.  This 
ratio  is  called  the  size- weight  percentage  and  the  results 
showed  a  decided  increase  in  the  percentage  of  error  in  ash 
with  the  larger  size-weight  percentage. 

2.  The  error  in  dividing  a  sample  is  a  function  of  the 
percentage  of  ash  due  to  slate,  etc.,  and  the  size-weight  per- 
centage . 

3.  The  deductions  from  the  experiments  and  data  reported, 
explain  the  cause  of  many  samples  varying  so  widely  in  quality, 
even  though  taken  from  the  same  car  or  lot  of  coal,  the  most 
common  fault  being  that  the  original  samples  taken  have  been 
too  small.    Absolute  necessity  of  taking  large  samples  will 
lead  to  mechanical  and  automatic  sampling  in  many  places. 

N.  W.  Lord  tells  4    */       of  work  done  by  the  experiment 

V  Bureau  of  Mines    Bulletin  22. 

V  U.  S«  Geol.  Survey  Bulletin  323. 

station  at  the  St.  Louis  exposition  from  January  1,  1905  to 
July  31,  1906.    He  gives  the  following  method  of  sampling  car- 
load lots  of  coal. 

A  small  shovelful  of  coal  was  taken  at  intervals  of 
several  minutes  from  the  bucket  of  the  conveyor  used  to  unload 
the  car.    This  sample,  weighing  from  200  lbs.  to  600  lbs.,  was 
then  emptied  on  a  platform  and  thoroughly  mixed,  and  then 
broken  to  egg  size  or  smaller  and  quartered.    This  grinding 
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and  quartering  was  continued  until  a  50  lb.  sample,  not  over 
1  inch  in  diameter,  was  obtained.    This  sample  was  then  run 
through  a    jaw  crusher  and  rotary  crusher  until  it  had  a 
fineness  of  1/20  inch.     It  was  then  mixed  and  quartered  until 
a  3  ounce  sample  was  obtained.    This  was  ground  on  a  bucking 
board  until  it  passed  a  60  mesh  sieve,  and  it  was  then  ready 
for  analysis. 

He  reports  rather  poor  results  from  this  method,  as 
shown  by  the  following  analysis.  Two  400  lb.  samples  were 
taken  by  the  regular  method  from  the  same  car.  These  were 
broken  up,  mixed,  and  quartered  to  50  lb.  samples,  four  in 
number.  Sample  I  was  mixed  and  quartered  and  one  quarter  was 
put  through  the  jaw  crusher,  mixed  and  quartered  to  a  6  lb. 
sample . 

Sample  II  was  treated  in  the  same  way  except  that  one- 
half  was  put  through  the  crusher.    Sample  III  was  given  the 
same  treatment  as  Sample  II,  and  Sample  IV  was  all  run  through 
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crusher. 

' The  average  results 

of 

analys  is 

were; 

I 

II 

III 

IV. 

Moisture, 

11.38$ 

11.43 

10.83 

11.78 

Ash, 

16.95 

15.80 

14.77 

14.53 

Sulphur, 

5.16 

4.73 

5.39 

4.90 

G.  S. 

Pope  gives 

an  account 

4 

of  the 

methods 

Bulletin 

No.  63.  U. 

S .  Bureau 

of 

Mines . 
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apparatus  adopted  by  the  Bureau  of  Mines  in  sampling  ooal 
purchased  by  the  United  States  under  specifications.    The  gross 
sample  must  not  be  less  than  1000  lb.  for  an  ordinary  grade  of 
coal.    If  the  size  and  amount  of  impurities  are  very  great  a 
1500  lb.  sample  must  be  taken.    The  gross  sample  should  contain 
the  same  proportion  of  lump  coal,  fine  coal,  and  impurities  as 
is  contained  in  the  coal  delivered.    The  gross  sample  is  then 
crushed,  either  mechanically  or  by  hand,  mixed,  and  reduced. 
During  the  reduction  the  following  size-weight  ratio  is  main- 
tained; 

Weight  of  Sample  to  be  divided^    Size  of  particles  of  samples. 
1000  lbs.  or  more  1  inch. 

500  lbs.  3/4  inch 

350  lbs.  1/3  inch 

135  lbs.  3/8  inch 

60  lbs.  1/4  inch 

The  60  lb.  sample  is  then  reduced  by  cordng  and  quarter- 
ing to  the  desired  quantity  for  transmittal  to  the  laboratory. 

The  joint  committee,  E-4,  of  the  American  Chemical 
Society  and  the  American  Society  for  Testing  Materials  states, 
in  its  report  (V),  that  a  nearly  constant  ratio  between  the 

4    Proceedings  of  the  American  Societv  for  Testing 
Materials,    Vol.  14,  1914. 

largest  particle  of  heaviest  impurity  and  the  weight  of  sample 
is  essential  in  each  stage  of  reduction.    Ordinarily  5  lb. 
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crushed  to  pass  a  4-aesh  screen  is  a  convenient  sample  to  send 
to  the  laboratory,  but  when  it  is  not  feasible  to  crush  to 
4-mesh  in  the  field,  the  weight  of  the  sample  sent  to  the 
laboratory  must  conform  to  the  following  size-weight  scale. 

Size  of  largest  impurities.    Minimum  weight  of  sample. 
1/3  inch  75  lbs. 

3/8  inch  30  lbs. 

1/4  inch  9  lbs. 

3/16  inch  5  lbs. 

1/8  inch  3-5  lbs. 

This  report  also  contains  complete  directions  for  the 
final  laboratory  riffling  and  grinding  to  60-mesh,  either  by 
use  of  a  ball  mill  or  by  hand  pulverizing  on  a  buck  board. 

Since  the  publication  of  that  report,  another  committee, 
D-5,  of  the  American  Society  for  Testing  Materials,  has  investi- 
gated the  same  problem  and  makes  the  following  recommendations; 

1.  The  coal  shall  be  sampled  when  it  is  being  loaded 
into  or  unloaded  from  cars,  ships,  etc. 

2.  The  increments  taken  shall  be  5  lb.  to  10  lb.  for 
slack,  but  for  run-of-mine  or  lump  coal,  they  should  be  at  least 
10  to  30  lbs. 

3.  The  standard  gross  sample  shall  not  be  lees  than 
1000  lbs.  except  that  for  slack  coal  and  small  sizes  of 
anthracite,  a  gross  sample  of  500  lbs.  shall  be  sufficient. 
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If  the  coal  contains  an  unusual  amount  of  impurities,  a  gross 
sample  of  1500  lbs.  should  be  collected. 

4.  A  gross  sample  shall  be  taken  for  each  500  tons  or 

less . 

5.  In  crushing  and  reducing  the  gross  sample,  the  follow- 
ing size-weight  scale  must  be  followed; 

Largest  size  of  coal  and  Minimum  weight  of 

impurities  allowable  in  sample  after 

sample  before  division.  division. 

1  inch  500  lbs.  or  more 

3/4  inch  350  lbs. 

1/3  inch  135  lbs. 

3/8  inch  60  lbs. 

1/4  inch  30  lbs. 

3/16  inch  10  lbs. 

6. The  mixing  and  reducing  is  carried  out  by  discarding 
alternate  shovelfuls  until  the  gross  sample  has  been  reduced 
to  350  lbs.  after  which  the  reduction  is  completed  by  coning 
and  quartering. 

?.  Only  such  mechanical  means  as  will  give  equal  repre- 
sentative samples  shall  be  used  in  substitution  for  the  hand 
method  of  preparation  given  above. 
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111 •  Scope  of  this  Investigation. 


In  this  investigation  both  mechanical  and  hand  sampling 
methods  are  tested.    Taking  the  samples  obtained  by  coning  and 
quartering,  as  the  standard  of  reference,  and  running  the  same 
coal  through  a  Sturtevant  automatic  coal  crusher  and  sampler, 
the  efficiency  of  the  machine  as  a  sampler  is  studied. 

At  the  same  time,  a  oheck  is  kept  on  the  quartering 
method  of  sampling  by  taking  two  opposite  quarters  as 
separate  samples  of  each  lot  of  coal.    The  riffling  method 
of  reducing  the  laboratory  sample  is  also  checked  by  taking, 
as  separate  samples,  the  two  divisions  of  the  coal  when  last 
run  through  the  riffle. 
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IV.  Description  of  Apparatus  and  Methods  Used. 

The  Sturtevant  automatic  coal  crusher  and  sampler  is 
made  by  the  Sturtevant  Mill  Company  of  Boston,  Massachusetts. 
It  is  a  rotary  mill  with  a  hopper  feed  at  the  top  and  two 
spouts  at  the  side,  one  for  delivering  the  sample,  and  the 
other,  the  main  portion  of  the  coal.    The  machine  is  3-3/4  feet 
long,  2  feet  wide  and  3-1/2  feet  high,  and  weighs  about 
1000  pounds.    The  coal  is  fed  into  the  hopper  in  3  inch  pieces 


IS 
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or  finer,  and  is  subjected  to  gradual  reduction  until  dis- 
charged.   The  sample  spout  is  so  arranged  with  three  selectors 
of  different  sizes  as  to  remove  the  desired  percentage,  5-15$, 
of  the  product,  while  the  residue  passes  out  through  another 
spout.    The  machine  may  be  so  adjusted  as  to  regulate  the  fine- 
ness of  the  discharge  between  the  limits  of  1/4  inch  and  3/4 
inch.    The  approximate  capacity  of  the  machine  is  given  as 
1  to  1-1/ 3  tons  per  hour. 

The  coning  and  quartering  operation  is  carried  out  by 
forming  the  crushed  coal  into  a  conical  pile,  by  depositing 
each  shovelful  on  top  of  the  preceding  one.     In  this  way  the 
course  and  fine  coal  is  evenly  distributed  on  all  sides  of  the. 
pile.    The  cone  is  then  flattened  out  by  passing  a  vertical 
broom  handle  through  it  with  a  circular  motion  in  such  a  way 
that  the  flattened  mass  is  of  uniform  thickness  and  diameter. 
This  mass  is  then  marled  off  into  quarters,  of  which  two 
opposite  ones  are  discarded  while  the  other  two  are  again  put 
through  the  coning  and  quartering  process .    This  is  repeated 
until  the  quarters  are  of  a  size  suitable  for  laboratory 
samples.    Then  opposite  quarters  are  placed  in  air  tight  cans, 
each  holding  about  five  pounds,  to  be  sent  to  the  laboratory. 
The  following  method  is  taken  as  the  standard  for  the  reduction 
of  the  laboratory  samples.  The  samples  are  dried  in  an  air 
drying  oven.      In  this  oven,  air  at  a  slightly  elevated  temper- 
ature is  passed  over  the  coal,  which  is  in  thin  layers  in  large 
pans.    This  requires  about  a  day.    The  coal  is  then  run  through 
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a  riffle.    This  consists  of  a  series  of  vertical,  parallel 
planes,  equally  spaced,  and  so  constructed  that  the  coal  when 
being  passed  over  them  is  cut  into  sections.    Every  alternate 
section  is  deflected  to  the  discharge,  the  other  sections  pass 
through  and  are  retained.     In  this  way  the  sample  is  reduced 
to  duplicate  samples  of  about  25  grams  each.    These  samples 
are  then  ground  to  60  mesh  on  the  bucking  board  and  then  placed 
in  rubber  stoppered  glass  bottles,  ready  for  analysis. 

The  coal  is  analyzed    for  moisture,  ash  and  sulphur. 
The  moisture  is  determined  by  heating  gram  samples  in  an  oven 
at  105°  for  one  hour.  The  ash  is  obtained  by  burning  a  one  gram 
sample  of  coal  in  a  porcelain  crucible  over  a  low  Bunsen  flame 
until  all  the  carbon  is  burned  off  and  then  blasting  for 
15  -  30  minutes.    To  obtain  the  sulphur,  1/2  gram  of  coal, 
1  gram  of  accelerator,  and  about  10  grams  of  sodium  peroxide 
are  mixed  together  in  the  peroxide  fusion  bomb  and  exploded. 
The  mixture  is  then  dissolved  in  250  cc .    of  water  and  15-20  cc. 
of  bromine  water  is  added.    This  solution  is  then  boiled  and 
the  soluble  sulphates  are  precipitated  by  adding  10  cc.  of  hot 
Ba  Cls    solution.    It  is  allowed  to  boil  for  fifteen  minutes 
and  then  is  kept  at  a  temperature  just  below  boiling  for  two 
hours.    The  Ba  SO4    is  then  filtered,  washed,  dried  and  weighed, 
and  the  weight  of  sulphur  is  computed. 
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V.  Data  Obtained* 

In  obtaining  the  samples,  100  -  135  pounds  of  coal  was 
run  through  the  sampling  machine  in  each  case  and  the  delivery 
spout  was  so  regulated  as  to  give  approximately  a  5  pound 
sample.    The  further  treatment  of  the  main  portion  of  the  coal 
was  varied  in  different  samples  and  will  be  described  as  each 
lot  is  discussed.    All  the  samples  as  received  at  the  laboratory 
underwent  the  same  process  of  air  drying,  grinding  and  riffling 
as  described  in  IV,  duplicates  being  obtained  by  taking  both 
divisions  of  the  last  riffling.    The  coal  in  each  case  was 
analyzed  for  moisture,  ash  and  sulphur  and  the  "dry"  ash  and 
"corrected"  ash  were  computed  from  the  following  equations;  (V) 

V    S.  W.  Parr.    The  Chemical  Examination  of  Water,  Fuel, 

Flue  Gases  and  Lubricants. 


"Dry"    ash       =    2&k as_weighed  .  

1       moisture  in  air  dry  coal 

"Corrected"  ash    =    moisture  plus  1.08  ash  as  weighed  + 

22       ,  . 
40  sulP^r- 

Samples  1  and  2  were  obtained  by  running  the  same  lot  of 
coal  through  the  automatic  sampling  machine  twice  and  taking  a 
sample  of  each  run. 

Samples  3  and  4  were  obtained  in  the  same  way  and  the 
main  of  the  coal  was  then  coned  and  quartered  on  the  cement 
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floor,  giving  samples  A  and  B.     Samples  5,  6,  C  and  D  and 
samples  7,  8,  E  and  F  were  obtained  in  the  same  way. 

Sample  9  was  obtained  by  running  the  coal  through  the 
sampler  once  and  then  the  main  portion  of  the  coal  was  reduced 
by  quartering,  giving  samples  G  and  H.    Samples  10,  I  and  J 
were  obtained  in  the  same  manner. 

Samples  11,  13  and  13  were  obtained  by  running  the  same 
lot  of  coal  through  the  sample  grinder  three  times,  drawing  off 
a  sample  each  time.    The  machine  was  regulated  so  that  the 
first  sample  was  coarse,  the  next,  medium,  and  the  last,  fine. 
Samples  14,  15  and  16  were  obtained  in  the  same  way  and,  in 
addition,  the  remainder  of  the  coal  was  sampled  by  quartering 
on  a  large  piece  of  oil  cloth,  giving  samples  K  and  L. 

Samples  17,  18,  M  and  N  were  obtained  in  the  same  way 
as  samples  5,  6,  C  and  D  with  the  exception  that  the  quartering 
was  done  on  oil  oloth. 

At  this  stage,  the  sampling  machine  was  modified  by 
raising  and  enlarging  the  flange  through  which  the  sample  is 
taken  off.    This  brought  the  flange  up  very  close  to  the  rotating 
grinder  and  lessened  the  danger  of  particles  of  coal  from  below 
getting  into  the  delivery  spout.    The  modifications  also  made 
it  easier  to  clean  the  inner  part  of  the  machine  before  start- 
ing on  a  new  lot  of  coal. 

Sample  19  was  obtained  by  running  the  coal  through  the 
sampling  machine  once,  a  10$  sample  being  obtained.  The  main 
portion  of  the  coal  was  then  reduced  by  quartering  and  samples 


16. 


M  and  N  were  obtained.  In  the  same  manner  samples  30,  0  and  P 
were  obtained. 

The  samples  gave  the  following  results  on  analysis: 
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How  Corrected 

No .    Obtained  _  Moisture .  Ash .  Dry  Ash.  Sulphur  Aah. 

l!      Sampler           2.69$  19.27$  19.80$  4.4$  25.92$ 

1             •                2.57$  19.50$  20.00$  4.36$  26.03$ 

21           "                2.38$  19.42$  19.90$  4.76$  35.97$ 

3             "                 2.39$  19.61$  20.04$  4.76;  26.19$ 


Sampler 

n 
ti 
it 


Ai  Quartering 
A  ■ 
Bi  ■ 
B  n 


5.17$ 
5.19$ 
5.37$ 
5.43$ 
5.01$ 
4.96$ 
4.81$ 
4.82$ 


13.81$ 
13.70$ 
13.56$ 
13.84$ 
13.95$ 
14.14$ 
13.98$ 
13.71$ 


14.56$ 
14.44$ 
14.33$ 
14.63$ 
14.70$ 
14.88$ 
14.68$ 
14.43$ 


8.37$ 
8.43$ 
8.49$ 
8.13$ 
8.50$ 
8.30$ 
8.61$ 
8.83$ 


34.68$ 
34.63$ 
24.68$ 
34.84$ 
24.75$ 
24.79$ 
24.64$ 
24.48$ 


Sampler 
n 


5l 
5 

6i  ■ 

6  " 

Ci  Quartering 

C  " 

Di  » 

D  ■ 


1,88$ 
1.97$ 
1.91$ 
1.94$ 
1.95$ 
1.93$ 

1.98$ 
1.85$ 


18.35$ 
18.33$ 
18.30$ 
18.35$ 
19.35$ 
19.53$ 
30.15$ 
30.06$ 


18.70$ 
18.59$ 
18.55$ 
18.60$ 
19.60$ 
19.90$ 
30.41$ 
30.40$ 


5.25$ 
5.01$ 
5.40$ 
5.30$ 
5.38$ 
5.14$ 

5.34:- 

5.42$ 


34.58$ 
34.40$ 
34.54$ 
34.56$ 
35.64$ 
35.83$ 
36 .68$ 
36.49$ 


?1  Sampler 

7  ■ 
8i 

8  w 
Quartering 

E  " 

Fi  " 

F  « 


3.67$ 
3,65$ 
3.38$ 
3.41$ 
4.63$ 
4.55$ 
4.78$ 
4.60$ 


18.44$ 
18.10$ 
17.20$ 
17.86$ 
17.20$ 
17.62$ 
17.36$ 
17 , 79$ 


18.96$ 
18.60$ 
17.80$ 
18.50$ 

18.03$ 
18.50$ 

18.11$ 
18.63$ 


4.04$ 
3.90$ 
3 . 96$ 
3.93$ 
3.96$ 
3.90$ 
4.20$ 
3.90$ 


24,81$ 
24.35$ 
24.14$ 
24.86$ 
25.38$ 
25.73$ 
25.73$ 
25.96$ 


9i  Sampler 
9  » 

G]_  Quartering 
G  " 

Hi 

H  " 


3.41$ 
3.42$ 
3.44$ 
3.38$ 
3.34$ 
3.35$ 


16.50$ 
15.63$ 
17.12$ 
17.32$ 
17.27$ 
17.34$ 


17.08$ 
16.19$ 
17.72$ 
17.93$ 
17.88$ 
17.96$ 


4.16$ 
4.33$ 
4.56$ 
4.66$ 
4.88$ 
4.84$ 


33 .53$ 
22.68$ 
24.44$ 
24.64$ 
24.67$ 
24,74$ 


10t  Sampler 

10  » 

11  Quartering 
I  " 

Jl 

J  » 


4.67$ 
4.67$ 
3.70$ 
3.69$ 
3.70$ 
3.72$ 


14.90$ 
14.91$ 
17.27$ 
17.25$ 
15.54$ 
15.91$ 


15.64$ 
15.65$ 

17.93$ 
17. 91/. 
16 . 15$ 
16.53$ 


3.96$ 
4.08$ 
4.24$ 
4.24$ 
4.34$ 
3.94$ 


22. 94^ 
23.01$ 

24.63$ 
24.65$ 
22.87$ 
23.07$ 


IS* 

How  Corrected 
No .    Obtained,         Moisture .  Aah .  Dry  Ash.     Sulphur .  Ash.  


Hi  Sampler  Coarse    6.54$  19.13$  20.47$  3.00$  28.30$ 

11  "  «  6.48$  18.70$  20.02$  1.77$  37.65$ 
13 i  n         Medium    7.51$  16.82$  18.20$  1.80$  36.67$ 

12  "  "  7.51$  17.10%  18.48$  1.90$  27.08$ 
13 i  "         Fine        5.85$  17.57$  18.65$  3.04$  35.95$ 

13  ■  »         5.84$  17.68$  18.75$  3.02$  36.04$ 

14-.  Sampler  Coarse    3.94$  12.73$  13.13$  3.24$  18.47$ 

14  "  3.05$  12.54$  12.94$  3.52$  18.53$ 
15i  «        Medium    2.85$  12.05$  12.42^  3/53$  17.80$ 

15  "  "  2.78$  12.00$  12.37$  3.08$  17.43$ 
16 i  "       Fine       2.71$  12.50$  12.86$  3.66$  18.22$ 

16  "  "  2.78$  12.24$  12.60$  3.56$  17.96$ 
Kn  Quartering  2.70$  12.88$  13.35$  3.36$  18.46$ 
K  on  3.72$  12.80$  13.17$  3.74$  18.55$ 
Li  oilcloth  3.69$  12.04$  12.37$  3.14$  17.52$ 
L  2.66$  11.85$  12.17$  3.28$  17.26$ 

17-,  Sampler            3.20$  15.30$  15.81$  4.16$  23.01$ 

17  •  3.19$  15.37$  15.90$  4.24$  22.12$ 
18!  "                    3.05$  15.38$  15.85$  3.66$  21.67$ 

18  "  3,96$  15.40$  15.87$  3.64$  31.59$ 
Mi  Quartering  3.05$  15.70$  16.20$  3.86$  22.13$ 
M  on  2.87$  15,54$  16.01$  4.02$  21.86$ 
Nx  oilcloth  2.99$  15.63$  16.12$  4.04$  23.09$ 
N  3.87$  15.33$  15.80$  4.04$  31.64$ 
1 


19x  Sampler  8.63$  14.73$  16.13$  3.60$  36.51$ 

19  "  8.63$  14.84$  16.36$  3.44$  36.55$ 
Mi  Quartering  9.41$  15.08$  16.64$  4.13$  37.97$ 
M  «  9.53$  14.94$  16.58$  4.04$  37.93$ 
Ni  "  9.43$  15.37$  16.85$  4.36$  38.35$ 
N  ■  9.35$  15,15$  16.73$  4.34$  38.09$ 

20x  Sampler  8.59$  13.62$  14.90$  3.96$  25.49$ 

20  "  8.64$  13.57$  14.96$  3.60$  25.27$ 
Oi  Quartering  9.58$  13.88$  15.35$  3.60$  26.55$ 
0  «  9.42^  13.94$  15.39$  3.34$  26.35$ 
Pi  n  9.50$  14.07$  15.54$  3.68$  36.73$ 
P  "  9.43$  13.99$  15.43$  3.96$  36.73$ 


19. 


VI.  Conclusions . 

From  the  data  obtained  the  following  observations  and 
conclusions  have  been  made: 

Samples,  obtained  by  running  the  same  lot  of  coal 
through  the  sampling  maohine  twioe,  agree  very  closely  upon 
analysis,  providing  the  adjustment  of  the  machine  for  fineness 
of  grinding  is  not  changed. 

Coarse  grinding  will  give  a  sample  of  higher  percentage 
ash  than  will  fine  grinding. 

Samples  obtained  in  quartering  differed  from  their 
opposite  quarters  by  only  about  0.3$  on  the  average. 

The  samples  obtained  by  quartering  on  the  cement  floor 
were  consistently  higher  in  ash  than  those  obtained  from  the 
sampling  machine,  but  when  the  quartering  was  done  on  oil  cloth 
the  agreement  was  very  close.    This  would  indicate  that  the 
high  ash  in  the  quartering  samples  was  due  to  floor  dust  but 
more  samples  should  be  obtained  by  quartering  on  oil  cloth 
before  a  definite  conclusion  can  be  reached. 

The  average  difference  of  the  duplicates  obtained  in 
riffling  was  0.2$  which  shows  that  this  method  of  reducing  the 
laboratory  sample  i3  not  very  accurate  for  it  shows  that  during 
each  riffling  there  might  be  an  error  of  0.3$  and  as  this  may 
be  additive  it  would  seriously  affect  the  results. 


